This article considers a Bayesian estimation of the multivariate ordered probit model using a Markov chain Monte Carlo (MCMC) method. The method is applied to unit record data on the satisfaction experienced by tourists. The data were obtained from the Annual Report on the Survey of Tourists' Satisfaction 2002, conducted by the Department of Economic Affairs of the Hokkaido government. Furthermore, using the posterior results of the Bayesian analysis, indices of the relationship between the overall satisfaction derived from the trip and the satisfaction derived from specific aspects of the trip are constructed. The results revealed that the satisfaction derived from the scenery and meals has the largest influence on the overall satisfaction.
Introduction
In Numerous studies have been devoted to analyzing tourist satisfaction; for example, Kozak (2001b) , Yuksel and Yuksel (2001a,b) , Bowen and Clarke (2002) , and Ryan and Cessford (2003) review the research on tourist satisfaction. According to Yuksel and Yuksel (2001b, pp.82-83) , there are three aspects of customer (tourist) satisfaction that are widely debated: the definition of customer satisfaction, the relationship between customer satisfaction and service quality, 1 and the measurement of customer satisfaction. There are many approaches for measuring customer satisfaction, including the expectation-performance, importance-performance, disconfirmation, and performance-only approaches (Kozak, 2001b, pp.305-309) . Studies on customer satisfaction often use a C-point scale to measure satisfaction, even if they employ different approaches.
2 For instance, Tonge and Moore (2007) use a 5-point scale for measuring satisfaction and importance. Sandvik and Grønhaug (2007) use 5-, 10-, and 11-point scales for constructing several degrees of satisfaction and repurchase intention. In the literature on tourism, most of the studies concerning consumer satisfaction use discrete ordinal data, considering them to be continuous. For example, Tonge 1 For the relationship between tourist satisfaction and service quality, see, for example, Tribe and Snaith (1998) and Ryan and Cessford (2003) . 2 In the questionnaire survey concerning customer satisfaction, the choices are often arranged by using a C-point scale.
and Moore (2007, Table 5 ) calculated the sample means of satisfaction and importance measures and found that the gap between the two means was statistically significant. Kozak (2001a) and Yu and Goulden (2006) make the same use of ordinal data as do Tonge and Moore (2007) . Many studies employ structural equation models, which include factor analysis, for analyzing tourist satisfaction (see, for example, Pizam et al., 1978 , and more recent studies by Sirakaya et al., 2004; Thompson and Schofield, 2007; and Silvestre et al., 2008) . Further, Qu and Ping (1999) Carlo (MCMC) method has become popular for the estimation of the ordered probit model after Albert and Chib's (1993) seminal work, which utilizes latent variable representation. Although the latent variables are unknown, their full conditional distribution (FCD) follows a truncated normal distribution. This makes the estimation of the ordered probit model very tractable in the Bayesian analysis (see Albert and Chib, 1993) . Further, Chen and Dey (2000) , Rossi et al. (2001), and Kottas et al. (2005) apply the Bayesian multivariate ordered probit model for two or more questionnaire items. Since the latent variables in the multivariate ordered probit model are correlated, we must consider this correlation while estimating the model. However, it is necessary to impose restrictions on the parameters in order to identify them. A sufficient condition of this identification problem is that the covariance matrix of the latent variables is defined as a form of the correlation matrix. This makes the estimation of the model difficult. Chen and Dey (2000) successfully overcame this difficulty by using a joint reparameterization of the correlation matrix and cutoff points for the ordinal data.
The unit records data utilized in our study were obtained from the Annual Report on the Survey of Tourists ' Satisfaction 2002 . The data reveal the degrees of tourist satisfaction derived from several aspects of the trip, namely, the trip as a whole ("overall satisfaction"), "meals," "souvenir items," "accommodation," "service," "transportation facilities," "tourist facilities," and "scenic beauty." The data also contain information on tourist characteristics and the regions visited. The degree of satisfaction pertaining to each questionnaire item can be analyzed using a univariate ordered probit model. It is also important to examine the relationship between the degree of satisfaction derived from individual aspects of the trip. We investigate the relationship between the overall satisfaction and the degree of satisfaction from individual aspects of the trip on the basis of the estimation of the Bayesian multivariate ordered probit model.
Using the posterior results of the Bayesian analysis, we also construct the indices of the relationship between the overall satisfaction and the satisfaction derived from the specific aspects of the trip.
The rest of the article are organized as follows. In Section 2, following Chen and Dey (2000), we examine the Bayesian multivariate ordered probit model. In Section 3, we propose two types of indices of the relationship between the overall satisfaction and the satisfaction derived from the specific aspects of the trip. 
Bayesian Multivariate Ordered Probit Model
In this section, following Chen and Dey (2000) , we describe the Bayesian multivariate probit model. Let y ij denote the discrete ordinal responses of an individual i to an item j, for i = 1, · · · , n and j = 1, · · · , m; that is y ij = c for c = 1, · · · , C. For example, y ij = 1 denotes "strongly dissatisfied," y ij = 2 denotes "dissatisfied," and so on.
Further, let z ij denote a latent variable of an individual i to an item j such that
where γ jc is the cutoff of the jth ordinal response. The latent variable z ij is assumed to be determined by the linear model
where
Defining
the linear model for the latent variables is rewritten as
We now assume that u i ∼ N(0, Σ); that is,
A sufficient condition for the identification of parameters is that the m × m positive definite covariance matrix is in the correlation form, as mentioned by Chib and Greenberg (1998, p.348) . This makes the estimation of the model difficult. Chen and Dey (2000) propose the joint reparameterization of the correlation matrix and cutoff points for avoiding the direct treatment of the correlation matrix. After implementing the reparameterization proposed by Chen and Dey (2000) , we can consider Σ as a typical covariance matrix. Further, the cutoffs can be specified as
In order to complete the Bayesian model, we introduce the prior distributions of the parameters p(β, Σ, γ). According to Bayes' theorem, the joint posterior distribution can be written as
where 1 (·) is an indicator function. We now specify the prior distributions as follows:
where W(a, A) denotes a Wishart distribution with degrees of freedom a and a scale matrix A. Thus, the posterior distribution (4) can be written as
Using the MCMC method, we can easily generate the parameters from the posterior distribution expressed in (6). The details of the sampling algorithms are provided in the Appendix.
Indices of the Relationship between the Overall Satisfaction and the Satisfaction Derived from Individual Aspects of the Trip
One of the merits of the Bayesian approach is that we can estimate the latent variables z. Using the latent variables z, we construct the indices of the relationship between the overall satisfaction and the satisfaction derived from specific aspects of the trip.
By dividing the vector of latent variables as
is the latent variable for the overall satisfaction and z i(−1) is the vector of the latent variables representing the satisfaction derived from the specific aspects of the trip, we consider the following regression model:
This regression model can be written as
. . .
2 ) denote the ordinary least squares (OLS) estimates of α in (7). We define the OLS estimateα 2 as the first type of index of the relationship between the overall satisfaction and the satisfaction from the specific aspects of the trip. Thus,α 2 is derived aŝ
,
As against the second type of index proposed below, the first type of index is not controlled by the explanatory variables X.
The second type of index of the relationship between the overall satisfaction and the satisfaction derived from the specific aspects of the trip is constructed from the covariance matrix Σ. The joint distribution of
Thus, we have
From the equation pertaining to the conditional meanμ * i1 , we use δ = Σ −1 (−1) σ (−1) as the index of measuring the relationship between the overall satisfaction and the satisfaction derived from the specific aspects of the trip. Since (8) The data comprise 3,679 unit records. We eliminated the unit records that contained identical responses to all items on satisfaction and those where items had not been answered. We also eliminated the unit records pertaining to daytrippers and foreign visitors since such records numbered less than 10. We finally obtained a total of 3,398 unit records for this estimation. Tables 1 and 2 present the definitions of the variables that are used in the analysis. Table 1 provides the frequencies and percentages of the unit records under each category. Table   2 provides the frequencies and percentages of the choices (corresponding to the degree of satisfaction) regarding the items pertaining to each aspect of the trip.
In our analysis, the dependent variables are the degrees of satisfaction derived from the trip: "overall satisfaction" (satall), "satisfaction from meals" (satfood), "satisfaction from souvenir items" (satsouv), "satisfaction from accommodation" (sataccom), "satisfaction from service" (satserv), "satisfaction from transportation facilities" (sattran), "satisfaction from tourist facilities" (satequip), and "satisfaction from scenic beauty" (satview). The regressors are the dummy variables of "tourist's sex" (fem), "age" (age) "place of residence" (reg) "type of package tour" (pack) "number of persons accompanying the tourist" (tour), "duration of stay (itinerary)" (day), "number of visits to Hokkaido" (time), "transportation facilities" (tran), "type of accommodation" (accom), and "region visited" (route). The seven regions visited and the number of tourists who visited these regions are provided in Table 1 . Figure   2 depicts the locations of the seven regions visited in Hokkaido Prefecture. In addition, a tourist who satisfied the following conditions was selected as a "ref-
erence tourist": "male" (fem = 0), in the "twenties" (age2 = 1), resided in the "Kanto region" (reg2 = 1), had joined a "free package tour" (pack3 = 1), had toured in a "small group" (less than six persons) (tour4 = 1), had visited Hokkaido for "two nights" (day2 = 1), was a "first-time" visitor (time1 = 1), and had rented a car using a "rent-a-car" service (tran5 = 1).
Posterior Results
We assume the following linear models for the latent variable of the degree of satisfaction derived from each aspect of the trip: 
The MCMC simulation was run for 30,000 iterations, and the first 10,000
samples were discarded as a burn-in period. Hence, we use 20,000 samples to calculate the posterior means and standard deviations of the parameters. Table   3 provides the posterior results of β. Tables 4 and 5 The following points can be observed from the posterior results in Table 3 .
• The 95% credible interval for the intercept in each equation does not include zero. This implies that the intercepts of the reference tourists are "significant." Here, the term significant is used if the 95% credible interval for a parameter does not include zero (see Koop, 2003, p.124 ).
• The degree of satisfaction experienced by females is considerably higher than that experienced by males in most equations, with the exception of satfood (meals), sataccom (accommodation), and sattran (transportation facilities).
• The degree of satisfaction experienced by tourists of age3, age4, and age5
are significantly lower than that experienced by tourists of age2 (reference tourists), with the exception of a few insignificant coefficients.
• With regard to meals and souvenir items, the degree of satisfaction experienced by the tourists who joined a group package tour (pack1) is lower than that experienced by the reference tourists who did not join the package tour (pack3). Further, with regard to meals, the degree of satisfaction experienced by the tourists who joined a free package tour (pack2) is lower than that experienced by the reference tourists (pack3).
• With regard to the number of persons accompanying the tourist, the degree of satisfaction experienced by the tourists who joined in tour1, tour2, tour3, and tour5 is lower than that experienced by the reference tourists (tour4) for some categories of satisfaction. On the contrary, the degree of satisfaction experienced by the tourists who were on their honeymoon (tour6) is higher than that experienced by the reference tourists.
• With regard to the itinerary, the question concerning transportation facilities (sattran) revealed that the tourists who stayed for more than six nights (day7) experienced a lower degree of satisfaction than did the reference tourists who stayed for two nights (day2).
• With regard to the overall satisfaction derived from the trip (satall), the degree of satisfaction decreased with an increase in the number of visits to Hokkaido.
• With regard to the transportation facilities, tourists using motorcycles (tran6) experienced a higher degree of satisfaction from the trip as a whole (satall) and tourist facilities (satequip) than did the reference tourists who used rent-a-car services (tran5). Furthermore, the tourists who used chartered buses (tran1), railroads (tran2), and taxies (tran7) experienced a higher degree of satisfaction from service (satserv) than did the reference tourists.
• The tourists who stayed at youth hostels (accom8) experienced high degrees of satisfaction from accommodation facilities (sataccom) and from service (satserv).
• The tourists who visited the Kushiro and Nemuro regions (route7) experienced a high degree of satisfaction with regard to the trip as a whole Table 3 . On the other hand, the satisfaction from the transportation facilities has the smallest influence on the overall satisfaction. Although the magnitudes of the two types of indices are slightly different, the results are similar irrespective of which index is used.
Concluding Remarks
In this article, we analyzed the degree of satisfaction experienced by tourists who Table 3 . 6 See route6 (the Kushiro and Nemuro regions) in the equation of satfood in Table 3 .
tween the overall satisfaction derived from the trip and the satisfaction derived from the specific aspects of the trip. The results revealed that the satisfaction derived from the scenery and meals has the largest influence on the overall satisfaction. In addition to the relationships among several types of satisfaction, we examined the relationship between each satisfaction and the explanatory variables, which are the attributes of the trips, by estimating the multivariate ordered probit model. These results provide suggestions on the tourism policy for the development of the tourism industry.
In order to develop the tourism industry, it is necessary to create incentives for the tourists so that they continue to visit Hokkaido. The results of this study clarified that one such incentive is the development of a new type of package travel that values high-quality scenic beauty and meals. Since untouched nature and historical landmarks are valuable resources contributing to the quality of scenic beauty, it is important to conserve them. Furthermore, it is necessary to develop new food products, making use of the abundant seafood and farm products in Hokkaido. The maintenance of the transport network between tourist spots is also important to improve the degree of tourist satisfaction. Rossi et al. (2001) consider scale usage heterogeneity and show that it can induce a substantial bias in the correlation between the overall satisfaction derived from a product and the satisfaction derived from specific product attributes. In the future, we will incorporate scale usage heterogeneity into the multivariate ordered probit model for resolving any such bias in the analysis concerning scale usage heterogeneity. Further, in this article, we employed information about tourists who visited Hokkaido as dummy variables. However, the spatial relationships among the degrees of tourist satisfaction from visits to various regions cannot be adequately captured by using dummy variables. Therefore, in future research, we intend to apply the methods of spatial econometrics and/or spatial statistics to the multivariate ordered probit model in order to resolve this issue.
A Sampling algorithms

A.1 Sampling of β
The full conditional distribution (FCD) of β j is
where '| · · · ' denotes conditioning on the values of all other parameters and data.
Further, for the sake of convenience of expression, we replace the jth factor as the first factor as follows:
Therefore, we have
Applying Gibbs sampling to (9), we can generate β j .
A.2 Sampling of Σ`1
Since the FCD of Σ −1 is
we have
Applying Gibbs sampling to (10), we can generate Σ −1 .
A.3 Sampling of z and γ
Let z (j) = z 1j z 2j · · · z nj denote the vector of the jth element z ij from
Further, let z (−j) denote the vector obtained by removing z (j) from z, and let z i(−j) denote the vector of removing z ij from z i . We generate
Similar to the sampling of β j , for the sake of convenience of expression, we replace the jth factor as the first factor as follows:
Since z i |β, Σ, γ ∼ N(Xiβ, Σ), from the property of the multivariate normal distribution we have
Since given γ j , β, Σ, z 1j , z 2j , · · · , z nj are independent, we have
where Φ(·) is the distribution function of the standard normal distribution. Chen and Dey (2000) propose the following Metropolis-Hastings (M-H) algorithm for generating γ j . First, we put
and
where p(γ j |β, Σ, z (−j) , y) is given in (12). Instead of generating γ j from (12) directly, we generate ζ j from (14) and obtain γ j by using (13).
We use N(ζ j ,Σ ζ j ) as a proposal distribution for generating ζ j , whereζ j is the mode of (14),
and τ is a tuning parameter. The M-H algorithm for generating ζ j is as follows:
j denote the value of ζ j at the tth iteration.
2. At the (t + 1)th iteration, sample ζ * j from N(ζ j ,Σ ζ j ).
3. The transition probability from ζ
4. Generate u ∼ U(0, 1), the uniform distribution on (0, 1), and take 
